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->The  MSIS  and  Jacchla-70  (J70)  models  have  bean  evaluated  at  each  of  the 
nearly  55,000  points  for  which  we  have  measurements  of  the  atmospheric 
density  between  120  and  200  km.  The  density  measurements  were  made  by  nine 
different  instruments  of  five  types  (ion  gauge,  capacitance  manometer,  mass 
spectrometer  *  calorimeter,  and  accelerometer)  flown  on  five  satellites 
during  the  )974-1977  aolar  minimum.  Except  for  the  solar  flux,  all  the 
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ABSTRACT  (Continual) 

'parameters  used  in  the  models  (geomagnetic  activity,  altitude,  latitude, 
local  time,  season,  etc.)  were  veil  represented. 

The  density  measurements  at  any  one  altitude  were  found  to  be  consistent 
with  a  lognormal  distribution;  that  is,  the  fractional  variations  in  the 
density  were  normally  distributed,  rather  than  the  variations  themselves 
If  a  model  correctly  predicted  the  average  variation  in  density,  the  log 
of  the  ratio  of  the  measurements  to  the  predictions  should  be  normally 
distributed  with  skewness  of  0.0  and  kurtosis  of  3.0.  In  fact,  the 
skewness  when  the  J70  model  was  used  was  -0.10  and  the  kurtosis  was  3.51 
For  the  MSIS  model,  the  corresponding  numbers  were  -0^06  and  4.42.  v — * 

The  J70  model  has  systematic  errors  in  both  the  altitude  and  local  time 
dependence;  when  these  were  corrected,  the  standard  deviation  of  the  log 
ratio  dropped  to  about  14  percent  from  about  16  percent.  When  the  MSIS 
model  was  used,  without  any  corrections,  the  standard  deviation  was 
13  percent. 

The  MSIS  model  is  significantly  more  accurate  than  the  J70  model,  but 
because  the  log  ratios  are  not  normally  distributed,  the  confidence 
interval  about  any  one  prediction  must  be  estimated  empirically  rather 
than  analytically.  From  our  data,  the  probability  that  the  magnitude  of 
the  log  ratio  is  less  than  (0.075,  0.155,  0.205)  is  (0.5,  0.8,  0.9). 
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1.0  SUMMARY  AND  CONCLUSIONS 


1.1  INTRODUCTION 

This  rsport  documents  s  comparison  that  has  bssn 
mads  between  ths  Aarospaee  low  altitude  atmospheric  density 
data  base  and  two  widely-used  models,  MSIS  (Hedin,  et  al . , 
1977),  and  J70  (daechia,  1970).  By  "low  altitude"  we  mean 
the  altitude  range  between  120  km  (the  lower  limit  of  the 
measured  densities)  and  200  km. 

There  were  five  different  types  of  measurements  made 
with  nine  separate  instruments  on  five  satellites.  The 
instruments  were  ion  gouges,  capacitance  manometers,  an 
accelerometer,  a  mass  spectrometer,  and  calorimeters.  Three 
of  these  instruments  were  flown  on  the  same  satellite,  AE-E, 
and  so  a  direct  intercomparison  allows  us  to  estimate 
instrumental  bias. 

1.2  DATA  ANALYSIS 

The  five  satellites  were  all  flown  in  the  1974-1977 
period  of  low  solar  activity,  which  limits  the  generality  of 
the  results  reported  here.  However  many  parameters  other 
than  solar  flux  are  of  interest,  and  the  data  base  provides 
reasonable  coverage  for  all  of  them.  The  coverage  for 
latitude,  longitude,  altitude,  geomagnetic  index,  local 
time,  and  month  are  shown  for  each  instrument  (except  the 
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capacitance  manometers, 


which 


ara  included  with  the 


ionization  gauges)  in  Section  2. 

Thera  ara  savaral  possible  wags  of  comparing  the 
data  to  the  models;  we  have  chosen  to  use  the  logarithm  of 
the  ratio  of  the  measurement  to  the  model  prediction  as  the 
objective  function.  Figure  1.1  is  a  histogram  of  the 
measured  densitg  from  AE-C  at  175  km,  and  is  tgpical  of  all 
the  measurements .  It  has  a  pronounced  high-  densitg  tail, 
and  the  two  "Pearson  parameters"  RBI  and  B2  are  not 
consistent  with  a  normal  distribution.  (RBI,  (Root  Beta  1) 
is  the  third  moment  about  the  mean  divided  bg  the  variance 
raised  to  the  1.5  power;  it  is  a  measure  of  skewness,  and  is 
zero  for  a  normal  distribution.  B2  (Beta  2)  is  the  fourth 
moment  about  the  mean  divided  bg  the  variance  squared,  and 
is  called  the  kurtosis.  For  a  normal  distribution  it  has  a 
value  of  3.0.  If  the  kurtosis  is  larger  than  this,  it 
indicates  that  the  distribution  has  an  excess  number  of 
points  near  the  mean  and  out  in  the  tails.)  The  histograms 
of  measured  densities  at  fixed  altitudes  are  consistent  with 
a  lognormal  distribution,  so  that  the  log  of  the  densitg  is 
normallg  distributed.  (That  is,  the  fractional  variations 
in  the  densitg  are  normallg  distributad,  not  the  variations 
themselves.)  If  the  models  accuratolg  represent  the  average 
variabilitg  of  the  densitg,  we  would  expect  our  chosen 
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objective  'function  to  bo  normally  distributed,  and  the  usual 
confidence  limits  would  apply. 

Section  9  presents  histograms  of  the  log  ratio  for 
each  instrument  for  both  modele.  The  MSIS  model  was 
•lightly  modified  from  that  which  has  been  published.  The 
original  model  used  average  eolar  flux  parameters  and 
geomagnetic  indices  which  were  centered  at  the  time  of 
intereet;  we  felt  that  it  was  more  real! at ic  to  use  averages 
thet  ended  at  the  time  of  the  measurement.  Tables  1  end  2 
summarize  the  statistical  data.  In  these  tables,  AE-C, 
AE-D,  etc.  are  the  satellites,  ’’Density"  is  the  combination 
of  the  ion  gauges  and  capacitance  manometers,  "OSS"  is  the 
open-source  mass  spectrometer ,  "MESA"  is  the  miniature 
electrostatic  accelerometer,  end  "Cal”  is  a  calorimeter. 
The  square  root  of  the  variances  of  the  standard  deviation, 
RBI,  end  B2  have  been  calculated  assuming  that  the 
underlying  distribution  is  •  normal  one;  in  only  one  case, 
the  AE-E  density  measurements  compered  with  the  J70  model, 
is  RBI  and  B2  consistent  with  a  normal  distribution. 

Figures  1.2  to  1.9  show  the  mean,  standard 
deviation,  skewness  end  kurtosis  for  the  AE-C  density  gauges 
end  the  AE-E  MESA  ( accelerometer )  residuals  as  a  function  of 
altitude.  The  MSIS  model  yields  •  uniformly  smeller 
standard  deviation  then  does  «J70,  but  its  kurtosis,  In 


particular,  is  much  larger,  so  that  an  estimate  of  the 
confi dance  interval  about  any  prediction  cannot  be  made 
other  than  empirically. 

Because  the  J70  model  residuals  were  more  normally 
distributed,  we  examined  those  residuals  in  more  detail, 
hoping  to  be  able  to  improve  the  standard  deviation  while 
maintaining  the  favorable  skewness  and  kurtosis.  Section  4 
presents  plots  of  the  average  log  ratio  versus  local  solar 
time  for  two  altitudes,  and  for  both  the  J70  and  the  MSIS 
model.  In  these  figures,  the  diamonds  represent  the  mean 
and  the  error  bars  through  the  diamonds  are  the  standard 
deviation  of  the  mean  (not  of  the  individual  data  points). 
There  are  strong,  systematic,  trends  in  the  J70  residuals, 
and  no  obvious  trends  in  the  MSIS  residuals.  Accordingly, 
we  fit  the  J70  residuals  at  each  altitude  with  a  low-order 
Fourier  time  series:  a  constant  term  and  a  diurnal, 
semi-diurnal,  and  ter-diurnal  cosine.  The  coefficients  were 
always  significant  in  some  altitude  range,  although  no  term 
was  significant  at  all  altitudes.  The  amplitudes  and  phases 
so  derived  are  also  shown  in  Section  4,  where  it  can  be  seen 
that  the  semi-diurnal  and  ter-diurnal  terms  become 
increasingly  important  at  lower  altitudes  and  the  diurnal 
term  has  the  opposite  behavior.  The  phase  of  each  of  the 
terms  also  shows  an  altitude  dependence;  perhaps  the  most 


surprising  is  the  shift  of  ths  diurnal  bulgs  to  early 
Morning  st  ths  lower  sltitudss. 

If  thsss  smpirical  corrections  to  ths  Model  ere 
spplisd  to  the  very  seme  dsts  that  were  used  to  derive  them, 
ws  would  expect  to  see  s  significant  change  in  the  standard 
deviation  of  the  corrected  residuals.  Histograms  of  the 
"before”  and  "after”  distributions  are  shown  in  the  final 
part  of  Section  4.  While  there  is  a  (statistically) 
significant  reduction  in  the  standard  deviation,  it  is  still 
larger  than  that  obtained  using  the  MSIS  model  with  no 
corrections  at  all. 

1.3  CONCLUSIONS 

We  have  compared  over  50,000  separate  measurements 
of  atmospheric  density  between  120  km  and  200  km  with  the 
predictions  of  two  mods Is ,  the  MSIS  end  the  070.  The  MSIS 
model  produces  a  considerably  smaller  standard  deviation  of 
the  residuals  than  does  the  J70,  even  after  the  observed 
systematic  errors  in  local  time  and  altitude  have  been 
removed.  The  kurtosis  of  the  MSIS  residuals  is  large:  this 
may  indicate  that  there  are  still  nonrsndom  effects  that 
this  model  has  failed  to  capture,  so  there  is  still  hope 
that  it  may  be  signi f ieantly  improved  in  the  future.  Until 
that  tine,  however,  we  have  no  choice  but  to  use  empirical 
cumulative  probability  functions  to  estimsts  confidence 


limit*  0+  th*  accuracy  ot  ita  prediction*, 
in  Figure*  1.10  to  1.17. 


The**  are  ahown 


The  average  biaa  ot  the  log  ratio  i*  near  zero  tor 
both  modal*  <ct.  Table*  1  and  2),  and,  in  particular,  ia 
near  zero  tor  the  three  instrument*  on  AE-E  considered 
separately .  This  indicates  that  a  major  portion  ot  th* 
average  error  is  due  to  instrumental  bias  rather  than  model 
bias,  so  there  is  juati tication  in  subtracting  th* 
individual  biases  and  amalgamating  the  data.  The  cumulative 
empirical  probability  tunction  tor  all  th*  data  using  the 
MSIS  model  i*  shown  in  Figure  1.18,  and  represents  our  best 
estimate  ot  the  true  distribution  tunction  tor  times  near 
solar  minimum. 
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2.0  GEOPHYSICAL  PARAMETER  COVERAGE 

2.1  ALTITUDE  DISTRIBUTION 

Figures  2.1  through  2.8  show  the  altitude  coverage 
e*  the  Right  instruments  (the  ion  gauges  and  the  capacitance 
manometers  are  considered  as  one  instrument).  Only  the  AE-C 
density  gauges  and  the  calorimeters  have  a  significant 


number  of 

points  below 

IBS 

km, 

and 

only  Calorimeter-3 

data  below 

125 

km. 

The 

combined  altitude 

distribution  is  given  in 

Fig. 

2.9. 

The 

total  number  of 

points,  94,606,  is  different  from  the  numbers  given  in 
Tables  One  and  Two  of  Section  1  because  these  data  were  not 
aditted;  measurements  were  retained  in  Section  One  only  if 
the  log  of  the  ratio  (measurament/modal)  were  between  plus 
and  minus  one. 

2.2  LATITUOE  DISTRIBUTION 

Figures  2.10  through  2.17  show  the  latitude 
distribution  of  the  measurements.  The  northern  hemisphere 
ia  well  covered,  as  is  the  equatorial  region  (AE-E  had  an 
inclination  of  19.6  degrees),  but  only  AE-C  and  AE-D 
collected  a  significant  amount  of  date  below  20  S. 
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2.3  LONGITUDE  DISTRIBUTION 


Figures  2.18  through  2. 25  show  the  longitude 
distribution  of  the  measurements.  Overall,  there  is 
excellent  longitude  coverage. 

2.4  LOCAL  TIME  DISTRIBUTION 

Figures  2.26  through  2.33  show  the  local  time 
diatribution  o-f  the  measurements .  AE-C  and  AE-E  have  nearly 
uniform  coverage;  the  measurements  on  AE-D  are  concentrated 
in  the  morning  and  evening  sectors.  S3-1  and  Calorimeter-3 
made  measurements  primarily  in  the  late  morning  and 
afternoon,  while  the  data  from  Calorimeter-4  is  almost 
exclusively  between  1100  and  1300. 

2.5  MONTHLY  DISTRIBUTION 

Figures  2.34  through  2.41  show  the  monthly 
distribution  of  the  measurements.  AE-C  and  AE-E  cover  all 
four  seasons,  AE-D  took  data  between  September  and  January, 
S3-1  was  useful  primarily  in  October,  Color imeter-3  in  March 
and  April,  and  Calorimeter-4  in  September  and  October. 

2.G  24-HOUR  AP  DISTRIBUTION 

Figures  2.42  through  2.49  show  the  distribution  of 
the  24-hour  average  Ap  index.  These  averages  ended  at  the 
time  of  each  measurement,  and  are  used  in  the  MSIS  model 


only.  This  index  has  a  Maximum  possible  value  Of  400;  the 
Figures  show  that  its  values  in  this  data  base  era  stongly 
concentrated  in  tha  lower  twenty  percent  of  its  range.  This 
is  consistent  with  tha  fact  that  this  is  a  sunspot-minimum 
data  baas.  (Evan  during  sunspot-maximum  periods, 
geomagnetic  indices  are  more  frequently  in  the  lower  portion 
of  their  range,  tea  tha  discussion  in  tha  following 
sub-saetion . > 

2.7  KP  DISTRIBUTION 

Figures  2.50  through  2.57  show  the  distribution  of 
the  three-hour  geomagnetic  index  Kp.  This  index  was 
evaluated  six  hours  prior  to  each  density  measurement,  and 
is  used  only  in  the  J70  model.  As  with  the  24-hour  average 
Ap,  most  of  tha  data  were  taken  when  Kp(6>  was  in  the  lower 
portion  of  its  0-9  range.  The  effect  is  not  as  dramatic 
here,  however,  because  Ap  and  Kp  are  loger ithmicslly 
related.  Figure  2.58  shows  the  Kp  distribution  from  1 
January  1932  to  30  Juns  1961,  and  so  includes  periods  of 
both  high  and  low  solar  activity.  Its  distribution  is  not 
unlika  the  Kp  distribution  whan  the  density  meesuraments 
were  made.  The  average  value  over  this  SO  year  period  was 
2.12,  with  a  standard  deviation  of  1.46.  This  corresponds 
to  an  average  Ap  of  7.7  (plus  13.3,  minus  4.7).  Although 
there  wars  no  great  geomagnetic  storms  during  tha  tine  for 


which  w«  have  data,  this  ia  net  considered  te  ba 
operationally  atyntf leant .  (Kp  raached  Ita  maxiaui  value  o* 
8  only  80  tinea  In  80  years,  and  axceeded  *♦  (ftp  equals  84) 
only  ona  percent  ot  the  tine.) 


3.0  MEASUREMENT /MODEL  DISTRIBUTIONS 


3.1  THE  MSIS  MODEL 

Figures  3.1  through  3.8  are  histograms  of  the 
natural  log  of  the  ratio  of  the  individual  measurements  to 
the  predictions  of  the  MSIS  model.  The  date  were  editted  so 
that  the  magnitude  of  this  ratio  was  always  between  zero  and 
one;  this  eliminated  28  points  (out  of  5%, 606).  Most  of  the 
editted  points  were  obviously  in  error:  a  reported 
measurement  of  IE- 3  grams/centimeter-cubed,  for  instance, 
instead  of  IE-13. 

The  MSIS  model  was  evaluated  using  Z4-hour  everage 
values  of  Ap  and  81-dag  average  values  of  the  solar  flux 
parameter  F10.7  ending  at  the  time  of  the  measurement.  The 
original  model  specified  that  these  averages  were  to  be 
centered  at  the  time  of  interest,  but  it  was  difficult  for 
us  to  see  the  physical  Justification  for  that  procedure.  In 
feet,  histograms  comparable  to  the  ones  presented  in  this 
subsection  were  generated  using  the  original  model;  in  every 
caee,  the  standard  deviations  were  slightly  larger. 

3.2  THE  J70  MODEL 

Figures  3.8  through  3.16  are  histograms  of  the 
natural  log  of  the  individual  density  measurements  divided 
by  the  predictions  of  the  J70  model.  As  in  the  previous 


♦  .0  CORRECTIONS  TO  THE  J70  MODEL. 


4.1  LOCAL  TIME  DEPENDENCE 

Figures  4.1  and  4.2  show  the  local  time  dependence 
of  the  natural  log  of  the  AE-C  density  gauge  measurements 
between  195  and  200  km  divided  by  the  predictions  of  the  J70 
and  the  MS1S  models,  respectively.  Figures  4.3  and  4.4  show 
the  same  thing  for  the  AE-E  MESA  measurements.  Figures  4.5 
to  4.9  ere  comparable  to  the  first  four,  but  for  the 
altitude  range  150-155  km.  It  can  be  seen  that  the  J70 
plots  exhibit  a  persistent,  reasonably  strong,  local  time 
dependence  for  both  instruments  in  both  altitude  ranges. 
The  MSIS  plot  at  the  higher  altitude  for  AE-C  also  seems  to 
show  a  local  time  dependence,  but  it  does  not  persist  across 
instruments  nor  at  the  lower  altitude. 

Me  made  an  empirical  model  of  the  error  in  the  time 
dependence  of  the  J70  model  using  the  AE-C  density  gauge 
data.  In  each  five  kilometer  interval,  the  log  ratio  was 
fit  to  a  third-order  Fourier  expansion,  using  a  constant 
term  and  diurnal,  aemi -di urnal ,  end  tei — diurnal  terms.  The 
coefficients  were  determined  using  a  weighted  least-  squares 
technique,  the  weights  being  the  reciprocal  of  the  variances 
of  the  means  at  each  local  time.  The  altitude  dependence  of 
the  coefficients  is  shown  in  Figures  4.9  through  4.15.  The 
phases  are  determined  auch  that  a  negative  phase  indicates 

23 


that  tha  model's  prediction  should  be  increased  at  later 
times.  For  instance,  the  -44  degree  phase  angle  tor  the 
diurnal  term  at  165  km,  coupled  with  the  0.092  value  tor  the 
amplitude,  indicates  that  the  model's  prediction  should  be 
increased  by  nine  percent  at  about  0300  and  decreased  by  the 
same  amount  at  1500. 

These  corrections  were  applied  to  the  «J?0  model,  and 
the  histogram  ot  the  log  ratios  was  recalculated.  The 
original  histogram  is  shown  in  Figure  4.16  and  the 
"corrected”  one  in  Figure  4.17.  The  standard  deviation  has 
been  reduced  From  0.156  to  0.142,  a  statistically 
significant  amount.  It  is  not  operationally  significant, 
however,  since  the  standard  deviation  using  the  uncorrected 
MSIS  model  is  substantially  smaller,  0.126,  as  is  shown  in 
Figure  4.16. 

Since  the  correction  procedure  did  not  produce  very 
dramatic  improvements  for  the  AE-C  data,  we  did  not  feel  it 
to  be  worthwhile  to  pursue  the  matter  with  the  other  data 
sets . 
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TABLE  1 

MSIS  STATISTICS 


N 

Mu 

Sigma  Vvar(sig) 

RBI 

«var(RBl> 

B2  i/ var  (  62  ) 

AE-C  Density 

17415 

0.055 

0.126 

0.001 

-0.304 

0.030 

5.246 

0.135 

AE-D  Density 

10935 

-0.090 

0.132 

0.001 

0.120 

0.037 

3.243 

0.128 

AE-E  Density 

4977 

0.069 

0.130 

0.001 

-0.096 

0.055 

3.123 

0.187 

AE-E  OSS 

7574 

-0.058 

0.132 

0.001 

-0.054 

0.045 

4.589 

0.187 

AE-E  MESA 

6280 

-0.006 

0.127 

0.001 

0.035 

0.043 

5.140 

0.193 

S3-1  Density 

1454 

0.100 

0.144 

0.003 

0.289 

0.103 

3.068 

0.344 

Cal-3 

1492 

-0.018 

0.174 

0.003 

0.256 

0.101 

4.849 

0.436 

Cel-4 

2451 

0.145 

0.136 

0.002 

0.201 

0.079 

3.919 

0.299 

All  Dsta 

54576 

0.006 

0.130 

0.007 

-0.056 

0.169 

4.180 

0.920 

TABLE  2 

J70  STATISTICS 


N 

Mu 

Siyma 

Vvsr (sig) 

RBI  < 

/vsr(RBl) 

B2  /var( B2  > 

AE-C 

Density 

17415 

0.050 

0.156 

0.001 

-0.298 

0.030 

3.935 

0.112 

AE-D 

Density 

10935 

-0.113 

0.147 

0.001 

-0.064 

0.037 

3.006 

0.124 

AE-E 

density 

4977 

0.084 

0.160 

0.002 

-0.008 

0.055 

2.924 

0.182 

AE-E 

OSS 

7573 

-0.063 

0.170 

0.001 

-0.128 

0.045 

3.253 

0.154 

AE-E 

MESA 

8280 

-0.017 

0.156 

0.001 

-0.011 

0.043 

3.763 

0.159 

S3-1 

Density 

1454 

0.012 

0.138 

0.003 

0.412 

0.104 

3.528 

0.367 

Cal-: 

3 

1492 

-0.004 

0.192 

0.004 

0.324 

0.102 

4.171 

0.397 

Cal-' 

4 

2451 

0.010 

0.129 

0.002 

0.212 

0.079 

3.545 

0.285 

All  Data  54577  -0.011  0.156  0.011  -0.097  0.175  3. 462  0.415 


Tables  1  and  2 
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Figure  2-12 


LfiTITUDE  (BEG) 


LATITUDE  (DEG) 


LATITUDE 


LATITUDE  (DEG) 


LATITUDE  (DEG) 


758 


umr/p/zt 


I-  iA 
3  U 

m  c«) 
•-•  3 
Q£  CE 
I-  U> 
(A 

*-*  > 
PI  H- 

i— i 

Ld  W 
O  2 
3  Ld 
h-  O 

H 

CD  « 
2  I 
O  Ld 
-i  a 


V////A W//A 

W//yay/m 

mmmmvA 

wma^my/x//xyM 
w^///zmz% 

MMk 

mmtm 

W////jFM 

I w/mA 


mvmsm 


'//A. 


mjgmmlk 1 

Yss/s///mm 

W/////M 

mtvm 
Ws/A%m  , 
Y/r/Awzm 


v/Amm 


0  0  0 

10  0  10 

0  0'* 


10  0  9 

I  U>  Q  10 
«  W  01 

SHOiidAaas® 


ma^y/////y///y///yA 
wm^y/A  y//a  i 
wmmyy//////////////////Zo 

WfArjy//j0^^ 

^ I 

mmmo2Y/////////////////M 
wmy//////y/////////M 
w^/////y/jw^^ 

i £5030^^ 


Yf////Ar/j^//^^^ 


JO  U3SHnN 


ERST  LONGITUDE  (DEG) 


69 


EAST  LONGITUDE  (DEG) 


v77//. 


a 

M 

I— 

-  ID  LJ 
»  CD 
»-*  Z5 

'  Q£  CE 
I-  CD 

-  V) 

w 

«  h- 

»— i 

U  05 

-  «  2 
ZD  U 

.  I—  & 

M 

CD  rH 
■  2  I 

O  05 
.  _l  05 


e  •  • 

S  ff>  00 

*4 


SNOii«<sa3$ao  jo  «3«wnN 


LONGITUDE  DISTRIBUTION 
CALORIMETER-3 


o 

- :  ’D 


’HL.r’ 

9 


1 


o 

OJ 

fO 


W////S 


»— *  i- 


w///w/m 


10 


10 

(M 


9 

9 


10 


9 

in 


to 

N 


9 


CM 

I 

CM 


SNOIittA^OSIO  JO  B3awnN 


72 


-  - 1  -  -*• 


CAST  LONGITUDE  (DEG) 


LOCAL  TIME  (HOURS) 


LOCAL  T1M£  (HOURS) 


csanoH)  awu  "woon 


TIHC  (HOURS) 


t:*  * 


Figure  2-30 


ISO 


LOCAL  TIME  (HOURS) 


Figure  2-34 


(S<i<sT  )  HiNOW 


1506 


© 

9 

9 

9 

9 

9 

9 

© 

CD 

© 

9 

9 

9 

9 

CD 

9 

<9 

9 

© 

© 

© 

9 

9 

♦ 

m 

N 

*•« 

9 

TO 

TO 

N 

VD 

U> 

*• 

TO 

«4 

H 

H 

H 

SN0IibAU3S30  JO  USSHflN 


85 


2  oe 


MONTH  (1975) 


DENSITY  GAUGES 


24-HOUR  HP 


HOUR  HP 


'HOUR  AP 


AD  - A  1 28  005 
UNCLASSIFIED 


A  COMPARISON  OF  THE  MSIS  AND  JACCHIA-70  MODELS  WITH 
MEASURED  ATMOSPHERIC. . (U)  AEROSPACE  CORP  EL  SEGUNDO  CA 
SPACE  SCIENCES  LAB  A  B  PRAG  20  APR  83 
TR-0083 ( 3940- 04 ) - 1  SD-TR-83-25 


F/G  4/1 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  8UREAU  OF  STANDARDS-  1963-A 


SNOIJL«A«:m''»  .40  4'MUnn 


8 


O  fi  O  6  9 
9  9  0  0  9 
9  W  *  0»  CJ 


9 

® 

N 


SNO 1 1*02)3*10  JO  JIIHOM 


$moiiha43:*o  io  aaini'iN 


Figure  2-58 


SECTION  3 


(MEASURED.*  J70  MODEL) 


LN  in£flCURO/J70  MODEL) 


••• 


113 


Figure  3-6 
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Figure  3-11. 
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